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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetoresi stance changing element 
having a high change rate in resistance by forming a non-magnetic layer 
flat and to provide a magnetoresi stance effect sensor and system having 
a high recording, regeneration, and output performance and a high S/N 
ratio. 

SOLUTION: On a substrate 1, a lower shield layer 2, a lower electrode 
layer 3, a magnetoresi stance effect element 4, an upper shield layer 5, 
and an upper electrode layer 6 are disposed in layers. The 
magnetoresi stance effect element 4 is patterned into a proper size and 
shape by a PR process. A longitudinal bias layer 7 is so disposed as to 
be brought into contact with the end or part of the end of the 
magnetoresi stance effect element 4. The magnetoresi stance effect element 
4 has a free magnetic layer/a non-magnetic nonconductive layer/a fixed 
magnetic layer/a fixing layer as a basic structure. The free magnetic 
layer and the fixed magnetic layer are made of amorphous material such 
as SoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoFeTi, 
CoNbHf, CoHfPd, CoTaZrNb, or CoZrMoNi. Due to this structure, the non- 



magnetic layer becomes flat, and thereby the rate of change is 
resistance is increased. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The magneto-resistive effect component characterized by using 
the amorphous material which becomes a part of said free magnetic layer 
or said fixed magnetic layer [ at least ] from CoFeB, CoZrMo, CoZrNb, 
CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoFeTi, CoNbHf, CoHfPd, CoTaZrNb, and 

CoZrMoNi in the tunnel junction component which considers at least a 
free magnetic layer / nonmagnetic non-conductive layer / fixed magnetic 
layer / layer made to fix as a basic configuration. 

[Claim 2] The magneto-resistive effect component characterized by using 
the amorphous material which becomes a part of said free magnetic layer 
or said fixed magnetic layer [ at least ] from CoFeB, CoZrMo, CoZrNb, 
CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoFeTi, CoNbHf, CoHfPd, CoTaZrNb, and 
CoZrMoNi in the tunnel junction component which considers the layer / 
fixed magnetic layer / nonmagnetic non-conductive layer / free magnetic 



layer made to fix at least as a basic configuration. 
[Claim 3] A substrate and the bottom shielding layer which the 
laminating was carried out on said substrate and patternized, The 
magneto-resistive effect component which the laminating was carried out 
on said bottom shielding layer, and was patternized, The vertical bias 
layer by which the laminating is carried out so that the edge of said 
magneto-resistive effect component may be touched. In the shielding mold 
magneto-resistive effect sensor by which the laminating of the ** is 
carried out to the bottom electrode layer by which the laminating was 
carried out on said substrate, and the shielding layer after a 
laminating is carried out on said vertical bias layer and said bottom 
electrode layer one by one The magneto-resistive effect sensor by which 
said ************** component is characterized by being a magneto- 
resistive effect component according to claim 1 or 2. 
[Claim 4] A substrate and the bottom shielding layer which the 
laminating was carried out on said substrate and patternized, The 
magneto-resistive effect component which the laminating was carried out 
on said bottom shielding layer, and was patternized. The vertical bias 
layer by which the laminating is carried out so that it may lap with the 
upper part of said magneto-resistive effect component in part, In the 
shielding mold magneto-resistive effect sensor by which the laminating 
of the ** is carried out to the shielding layer after a laminating is 
carried out on the bottom electrode layer by which the laminating is 
carried out, and said vertical bias layer and said bottom electrode 
layer so that it may lap with the upper part of said magneto-resistive 
effect component in part one by one The magneto-resistive effect sensor 
by which said magneto-resistive effect component is characterized by 
being a magneto-resistive effect component according to claim 1 or 2. 
[Claim 5] The yoke mold magneto-resistive effect head to which said 
magneto-resistive effect component is characterized by being a magneto- 
resistive effect component according to claim 1 or 2 in the yoke mold 
magneto-resistive effect head which has arranged the yoke through an 
insulating layer to a magneto-resistive effect component. 
[Claim 6] The magneto-resistive effect sensor by which said magneto- 
resistive effect component is characterized by being a magneto-resistive 
effect component according to claim 1 or 2 to a magneto-resistive effect 
component in the flux guide mold magneto-resistive effect mold sensor 
which has arranged the yoke through an insulating layer. 
[Claim 7] The magnetic-reluctance detection system characterized by 
having a means to detect resistivity change of the above-mentioned 
magneto-resistive effect sensor, as a function of the field which a 



magneto-resistive effect sensor according to claim 3 to 6 and said 
magneto-resistive effect sensor detect. 

[Claim 8] The magnetic storage system characterized by including the 
actuator means mechanically combined with said magnetic-recording system 
and said magnetic-reluctance detection system in order to move a 
magnetic-recording system, a magnetic-reluctance detection system 
according to claim 7, and said magnetic-recording system and said 
magnetic-reluctance detection system for making data memorize on the 
magnetic storage medium which has two or more trucks for data logging, 
and said magnetic storage medium to the truck with which said magnetic 
storage medium was chosen. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetometric 
sensor for reading the information signal recorded on the magnetic 
medium. 

[0002] 

[Description of the Prior Art] From the former, the magnetic reading 
converter called a magnetic-reluctance sensor (called MR sensor) or a 
magnetoresistive head (called an MR head) is known. It is known that 
such a MR sensor etc. can read data in the front face of the magnetic 
substance with big linear density (linearity consistency). MR sensor 
uses the readout component which produces resistance change as a 
function of the reinforcement of the magnetic flux sensed, and the 
direction of magnetic flux, and detects a field signal as resistance 
change. Such an above-mentioned reading component of the conventional MR 
sensor changes in proportion to the square of the cosine of the include 
angle which the direction of magnetization where one component (the 1 
direction component) of the resistance is impressed to the readout 
component, and the direction of perception current which flows the 
inside of the component make. The effectiveness which produces such 
resistance change is called the anisotropy magnetic-reluctance (AMR) 
effectiveness. 

[0003] More detailed explanation of the AMR effectiveness is indicated 
by paper"Memor(ies), such as D. A. Thompson (Thompson), Storage, and 



Related Applications" IEEE Trans, on Mag. MAG-U, and P. 1039 (1975). In 
the magnetic head using such AMR effectiveness, in order to oppress a 
Barkhausen noise, vertical bias is impressed in many cases. And 
antiferromagnetism ingredients, such as FeMn, NiMn, and a nickel oxide, 
may be used as an ingredient which impresses this vertical bias. 
[0004] Furthermore in recently, the case where resistance change of a 
laminating magnetometric sensor produces a more remarkable magneto- 
resistive effect is known. This magneto-resistive effect originates in 
spin dependency dispersion in respect of [ which accompanies spin 
dependency transmission and it of an electrical conduction electron 
between the magnetic layers located on both sides of a non-magnetic 
layer ] a boundary. 

[0005] Such a magneto-resistive effect is called by various names, such 
as "giant magneto-resistance" and the "spin bulb effectiveness. " The 
magnetic-reluctance sensor using such magnetic-reluctance-ization is 
formed with the suitable ingredient, and sensibility is improved from 
the sensor using the AMR effectiveness mentioned above, and it is known 
that resistance change is large. Thus, by improved MR sensor, the flat- 
surface internal resistance between the ferromagnetic layers of the 
couple separated by the non-magnetic layer changes in proportion to the 
cosine of the include angle which the magnetization direction of two 
layers makes. 

[0006] The laminating magnetism structure of resulting in high MR change 
produced by anti-parallel alignment of the magnetization in a magnetic 
layer to JP, 2-61572, A which makes June 16, 1988 a preferential day is 
indicated. Moreover, ferromagnetic transition metals and a ferromagnetic 
alloy are mentioned to the above-mentioned official report as an usable 
ingredient by this laminated structure. Moreover, it is indicated by 
this number official report that FeMn is suitable as the structure which 
added "the layer made to fix" to one side of the two-layer 
ferromagnetism [ at least ] layer separated by the interlayer, and this 
layer made to fix. 

[0007] It has the two-layer thin film layer of the ferromagnetic divided 
by the thin film layer of a non-magnetic metal object, and when an 
impression field is 0, MR sensor by which the magnetization direction of 
two ferromagnetic thin membrane layers intersects perpendicularly is 
indicated by JP, 4-358310, A which makes December 11, 1990 a preferential 
day. The purport that this MR sensor has the resistance independent of 
the direction of the current which changes in proportion to the cosine 
of the include angle between the two magnetization directions of a layer, 
and passes along the inside of a sensor between two uncombined 



ferromagnetic layers is indicated by this number official report. 
[0008] The ferromagnetic tunnel junction component which inserted other 
interlayers in the ferromagnetic layer and was made into the multilayer 
is shown in JP, 4-103014, A which makes August 22, 1990 a preferential day. 
This ferromagnetic tunnel joint component is characterized by impressing 
the bias field from the ant i ferromagnetic substance to much more 
ferromagnetic layer at least. 

[0009] Moreover, the example which used NiFe as Co and a fixed magnetic 
layer as a free magnetic layer of a tunnel junction component is 
indicated by 135 pages in the collection of the Magnetics Society of 
Japan academic lecture outlines, and 1996. 

[0010] Furthermore, disclosure is made by JP, 10-65232, A as a Co system 

magnetism alloy used for a ferromagnetic about the technique which adds 

one sort or two sorts in Fe, nickel, Pd, Hf, etc. to Co. 

[0011] Moreover, the technique which uses CoZrNb, CoZrMo, FeCob, etc. 

for a free magnetic layer is indicated by JP, 10-135038, A. 

[0012] 

[Problem (s) to be Solved by the Invention] In order to realize stable 
magnetic-reluctance change in a tunnel junction component, it is 
important to create a non-magnetic layer flatly more. When the reason 
does not have a flat non-magnetic layer, it is for unevenness to occur 
in the thickness of a non-magnetic layer as a result, consequently for 
leakage current to arise. Generating of such leakage current causes 
reduction of resistance rate of change. Moreover, by passing a current, 
destruction will tend to break out from the thin place of thickness, and 
the result in which a withstand voltage property is inferior will be 
caused. 

[0013] Now, the conventional tunnel junction component used Co or NiFe 
for the free magnetic layer and the fixed magnetic layer. However, since 
these ingredients are crystalline substances, the roughness 
corresponding to the crystal structure will produce them in the 
outermost surface, therefore — for example, when the configuration "a 
free magnetic layer / nonmagnetic non-conductive layer / fixed magnetic 
layer / layer made to fix" was adopted and the above-mentioned 
ingredient was used for a free magnetic layer, there was a trouble that 
a non-magnetic layer was not created evenly enough by the roughness of 
the interface of a free magnetic layer and a non-magnetic layer. 
Moreover, in the configuration "the layer / fixed magnetic layer / 
nonmagnetic non-conductive layer / free magnetic layer" made to fix, 
when the above-mentioned ingredient was used for the fixed magnetic 
layer, a non-magnetic layer was not created evenly enough by the same 



reason. In any case, resistance rate of change or pressure-resistant 
lowering will be caused. 

[0014] This invention aims at offering a magnetic-reluctance change 
component with high resistance rate of change, when a non-magnetic layer 
creates evenly. While resistance rate of change becomes high by making 
such a non-magnetic layer flat, it is possible to realize the magneto- 
resistive effect component excellent also in the withstand voltage 
property. 
[0015] 

[Means for Solving the Problem] First, invention concerning claim 1 is 
setting the tunnel junction component which considers "a free magnetic 
layer / nonmagnetic non-conductive layer / fixed magnetic layer / layer 
made to fix" as a basic configuration as the fundamental premise. 
[0016] And in invention concerning claim 1, it is characterized by using 
a Co or NiFe, CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, 
CoFeTi, CoNbHf, CoHfPd, CoTaZrNb, and CoZrMoNi ** amorphous magnetic 
material for a part of free magnetic layer or fixed magnetic layer [ at 
least ]. 

[0017] Since it is the amorphous or small crystalline substance of the 
diameter of crystal grain, even if membranes are formed, each of these 
ingredients has uniform thickness, and its surface roughness is small. 
Therefore, the non-magnetic layer formed on these magnetic layers also 
serves as flat small film of roughness, resistance rate of change is 
high as a result, and the magneto-resistive effect component which is 
excellent in a withstand voltage property can be obtained. 
[0018] Moreover, if the above-mentioned ingredient is similarly used in 
the tunnel junction component which considers "the layer / fixed 
magnetic layer / nonmagnetic non-conductive layer / free magnetic layer" 
made to fix as a basic configuration for a part of free magnetic layer 
or fixed magnetic layer [ at least ] as shown in claim 2, roughness of a 
non-magnetic layer can be made small and the same operation and 
effectiveness as invention concerning claim 1 will be done so. 
[0019] Moreover, if the magneto-resistive effect sensor using the 
magneto-resistive effect component concerning invention of these claims 
1 and claim 2 is constituted, the sensor whose detection sensitivity of 
change of magnetic reluctance improved will be obtained. Invention of 
such a sensor is indicated by claim 3 and claim 4. 

[0020] Namely, the bottom shielding layer which the laminating of the 
invention concerning claim 3 was carried out on the substrate and said 
substrate, and was patternized, The magneto-resistive effect component 
which the laminating was carried out on said bottom shielding layer, and 



was patternized, The vertical bias layer by which the laminating is 
carried out so that the edge of said magneto-resistive effect component 
may be touched, In the shielding mold magneto-resistive effect sensor by 
which the laminating of the ** is carried out to the bottom electrode 
layer by which the laminating was carried out on said substrate, and the 
shielding layer after a laminating is carried out on said vertical bias 
layer and said bottom electrode layer one by one Said ************** 
component is the magneto-resistive effect sensor characterized by being 
a magneto-resistive effect component according to claim 1 or 2. 
[0021] Although invention concerning claim 3 relates to a shielding mold 
magneto-resistive effect sensor, it is also possible to apply the same 
principle to a shielding mold magneto-resistive effect sensor. Such 
invention is indicated by claim 4. 

[0022] Namely, the bottom shielding layer which the laminating of the 
invention concerning claim 4 was carried out on the substrate and said 
substrate, and was patternized, The magneto-resistive effect component 
which the laminating was carried out on said bottom shielding layer, and 
was patternized. The vertical bias layer by which the laminating is 
carried out so that it may lap with the upper part of said magneto- 
resistive effect component in part, In the shielding mold magneto- 
resistive effect sensor by which the laminating of the ** is carried out 
to the shielding layer after a laminating is carried out on the bottom 
electrode layer by which the laminating is carried out, and said 
vertical bias layer and said bottom electrode layer so that it may lap 
with the upper part of said magneto-resistive effect component in part 
one by one Said magneto-resistive effect component is the magneto- 
resistive effect sensor characterized by being a magneto-resistive 
effect component according to claim 1 or 2. 

[0023] Moreover, it is also possible to consider as the configuration 
which has arranged the yoke through an insulating layer to the magneto- 
resistive effect component of above-mentioned claim 1 and claim 2. 
Invention which adopted such a configuration is indicated by claim 5 and 
claim 6. 

[0024] That is, invention concerning claim 5 is a yoke mold magneto- 
resistive effect head to which said magneto-resistive effect component 
is characterized by being a magneto-resistive effect component according 
to claim 1 or 2 in the yoke mold magneto-resistive effect head which has 
arranged the yoke through an insulating layer to a magneto-resistive 
effect component. 

[0025] According to this yoke mold magneto-resistive effect head, it is 
possible to read the data recorded on various magnetic-recording media 



by high sensitivity. 

[0026] Moreover, invention concerning claim 6 is a magneto-resistive 
effect sensor by which said magneto-resistive effect component is 
characterized by being a magneto-resistive effect component according to 
claim 1 or 2 in the flux guide mold magneto-resistive effect mold sensor 
which has arranged the yoke through an insulating layer to a magneto- 
resistive effect component. 

[0027] According to this flux guide mold magneto-resistive effect mold 
sensor, it is possible to read the magnetic variation of flux by high 

sensitivity. 

[0028] Now, if the magneto-resistive effect sensor of above-mentioned 
claims 3, 4, and 6 is used, the system which can detect magnetic 
reluctance by high sensitivity can be obtained. 

[0029] Invention concerning claim 7 is a magnetic-reluctance detection 
system characterized by equipping either of claims 3, 4, or 6 with a 
means to detect resistivity change of the above-mentioned magneto- 
resistive effect sensor, as a function of the field which the magneto- 
resistive effect sensor and said magneto-resistive effect sensor of a 
publication detect. 

[0030] Furthermore, if this magnetic-reluctance detection system is used, 
using the storage which has a truck, it is large capacity and the 
magnetic storage system which data can read can be built at a high speed. 
[0031] Namely, the magnetic storage medium by which invention concerning 
claim 8 has two or more trucks for data logging, The magnetic-recording 
system for making data memorize on said magnetic storage medium. In 
order to move a magnetic-reluctance detection system according to claim 
7, and said magnetic-recording system and said magnetic-reluctance 
detection system to the truck with which said magnetic storage medium 
was chosen It is the magnetic storage system characterized by including 
the actuator means mechanically combined with said magnetic-recording 
system and said magnetic-reluctance detection system. 
[0032] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable 
operation of this invention is explained based on a drawing. 
[0033] As a shielding mold magneto-resistive effect component which 
applied [gestalt 1 of operation] this invention, a gestalt as shown, for 
example in drawing 1 is desirable. Drawing 1 is the sectional view 
showing signs that the shielding mold magneto-resistive effect component 
concerning the gestalt 1 of this operation was cut perpendicularly of a 
lengthwise direction. 

[0034] With the gestalt shown in drawing 1 , the laminating of the 



bottom shielding layer 2, the bottom electrode layer 3, the magneto- 
resistive effect component 4, the top shielding layer 5, and the top 
electrode layer 6 is first carried out on a substrate 1. The vertical 
bias layer 7 is arranged so that the magneto-resistive effect component 
4 may be patternized by suitable magnitude and a suitable configuration 
according to PR process and the edge may be touched (refer to drawing 4 
mentioned later), or so that it may touch in part (refer to drawing 5 
mentioned later). 

[0035] Various the configuration approaches of the bottom shielding 
layer 2 and the bottom electrode 3 are considered. The explanatory view 
showing these configurations is shown in drawing 2 . The example by 
which the bottom electrode 3 is formed in right above [ of the bottom 
shielding layer 2 ] is shown in drawing 2 (1). Moreover, the example by 
which the bottom electrode 3 is formed directly under the bottom 
shielding layer 2 is shown in drawing 2 (2). Moreover, the example by 
which the bottom electrode 3 is formed through the bottom gap insulating 
layer 100 on the bottom shielding layer 2 is shown in drawing 2 (3). 
Moreover, the example at the time of making the bottom shielding layer 2 
serve a double purpose is shown in drawing 2 (4) in the bottom electrode 
3. 

[0036] Moreover, various the configuration approaches with the top 
electrode 6 are also considered to be the top shielding layers 5. The 
explanatory view showing these configurations is shown in drawing 3 . 
The example by which the top shielding layer 5 is formed in right above 
[ of the top electrode 6 ] is shown in drawing 3 (1). Moreover, the 
example by which the top electrode 6 is formed in right above [ of the 
top shielding layer 5 ] is shown in drawing 3 (2). Moreover, the example 
by which the top shielding layer 5 is formed through the top gap 
insulating layer 102 on the top electrode 6 is shown in drawing 3 (3). 
Moreover, the example at the time of making the top shielding layer 5 
serve a double purpose is shown in drawing 3 (4) in the top electrode 6. 
[0037] Drawing 4 and drawing 5 are the top views centering on the 
magneto-resistive effect component 4 of the shielding mold magneto- 
resistive effect component shown in drawing 1 . The vertical bias layer 
7 is arranged so that the edge of the magneto-resistive effect component 
4 may be touched especially in drawing 4 , and the vertical bias layer 7 
is arranged so that the edge of the magneto-resistive effect component 4 
may be touched in part in drawing 5 . 

[0038] The sectional view which met the VI-VI line of drawing 4 is shown 
in drawing 6 . The insulating layer 104 and the vertical bias layer 7 
are arranged so that the edge of the ferromagnetic tunnel junction film 



(magneto-resistive effect component 4) patternized on the bottom 
electrode 3 may be touched, as shown in this drawing. Here, the example 
through an insulating layer 104 is shown. It is prepared in order for an 
insulating layer 104 to prevent a sense current' s flowing the vertical 
bias layer 7, and not flowing the ferromagnetic tunnel junction section 
(magneto-resistive effect component 4). Therefore, the vertical bias 
layer 7 will be formed directly, without forming an insulating layer, 
since there is little such fear when the vertical bias layer 7 is an 
ingredient with high enough resistance like a nonmetal. 
[0039] The sectional view which met the VII-VII line of drawing 5 is 
shown in drawing 7 . On the bottom electrode 3, the patternized vertical 
bias layer 7 is installed as shown in this drawing. And the 
ferromagnetic tunnel junction film (magneto-resistive effect component 
4) patternized so that it might run aground in part in this vertical 
bias layer 7 is arranged. Furthermore, the laminating of the patternized 
insulating layer 104 and the top electrode 6 is carried out to the upper 
part one by one. 

[0040] As a shielding-under gestalt shown in drawing 1 layer 2, NiFe, 
CoZr, CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, 
CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi alloy, FeAlSi, a nitriding iron 
system ingredient, etc, can be used, and thickness can be applied in 
0. 3-10 micrometers. 

[0041] As the bottom electrode layer 3 and a top electrode layer 6, the 
simple substance, the alloy, or mixture which consists of Zr, Ta, and Mo 
is desirable, and the thickness range has desirable 0.01-0.10 
micrometers. 

[0042] As a vertical bias layer 7, nickel oxide / mixture [ of CoCrPt, 
CoCr, CoPt, CoCrTa, FeMn, NiMn, IrMn, PtPdMn, ReMn, PtMn, CrMn, nickel 
oxide a ferric acid ghost, nickel oxide, the mixture of Co oxide and 
nickel oxide, and Fe oxide ] and Co oxide two-layer film, nickel oxide / 
Fe oxide two-layer film, etc. can be used. 

[0043] As a top shielding layer 5, it is desirable to use NiFe, CoZr or 
CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, 
CoHfPd, CoTaZrNb, a CoZrMoNi alloy, FeAlSi, a nitriding iron system 
ingredient, etc., and the thickness can be applied in 0.3-10 micrometers. 
[0044] The example of the gestalt of operation of the yoke mold head 
which applied [gestalt 2 of operation] this invention is shown in 
drawing 8 . 

[0045] In this drawing, a slot is formed in the substrate 8 of a 
ferromagnetic and this slot is filled up with the nonmagnetic insulator 
9. As a substrate 8 of a ferromagnetic, a NiZn ferrite, a MnZn ferrite, 



a MgZn ferrite, etc. are used, and an alumina, Si02, alumimiura nitride, 
silicon nitride, and diamond-like carbon are used for the nonmagnetic 
insulator 9, for example. 

[0046] The bottom non-magnetic layer 10 is formed on this nonmagnetic 
insulator 9. The bottom [ this ] non-magnetic layer 10 is extending also 
on the top face of a substrate 8 (refer to drawing 8 ). 
[0047] The top non-magnetic layer 11 adjoins magnetic pole 13a and 
electrode 12a, and it is prepared in the top face of the bottom non- 
magnetic layer 10, and the magneto-resistive effect component 4 is 
formed in the top face of the both sides of magnetic pole 13a and 
electrode 12a so that both sides may be straddled. In addition, the side 
face of the magneto-resistive effect component 4 is in contact with the 
top non-magnetic layer 11 as shown in drawing 8 . 

[0048] Electrode 12a has desirable Au. Moreover, as for magnetic pole 
13a, it is desirable to adopt NiFe, CoZr or CoFeB, CoZrMo, CoZrNb, CoZr, 
CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi 
alloy, FeAlSi, a nitriding iron system ingredient, a MnZn ferrite, a 
NiZn ferrite, and a MgZn ferrite. 

[0049] Moreover, the vertical bias layer for magneto-resistive effect 
component magnetic-domain control is prepared in the edge of the 
magneto-resistive effect component 4 in a direction vertical to the 
space of drawing 8 . This vertical bias layer for magneto-resistive 
effect component magnetic-domain control is prepared so that the 
magneto-resistive effect component 4 may be touched [ whether it laps in 
part and ]. Drawing 4 and its sectional view are shown for the top view 
in the case of lapping in part in drawing 6 , respectively. Moreover, 
drawing 5 and its sectional view are shown for the top view in the case 
of touching in drawing 7 , respectively. 

[0050] In addition, as for the vertical bias layer for magneto-resistive 
effect component magnetic-domain control, it is desirable to use CoCrPt, 

CoCr, CoPt, CoCrTa, FeMn, NiMn, nickel oxide, a NiCo oxide, IrMn, PtPdMn, 
ReMn, etc. 

[0051] In addition, it extends so that magnetic pole 13b may cover the 
top non-magnetic layer 11 from a substrate 8, and it is prepared so that 
it may reach to the magneto-resistive effect component 4, as shown in 
drawing 8 . Moreover, electrode 12b is prepared in the top face of the 
magneto-resistive effect component 4, and the side face of this 
electrode 12b is in contact with magnetic pole 13b. The same thing as 
the above-mentioned electrode 12a or magnetic pole 13a of the 
construction material of electrode 12a or magnetic pole 13b is desirable. 
[0052] The block diagram of the flux guide mold head which applied 



[gestalt 3 of operation] this invention is shown in drawing 9 . 
[0053] The bottom shielding 21 is formed on the substrate 20. It is 
prepared in the top face of the bottom [ this ] shielding 21 so that an 
electrode 22 and a magnetic pole 23 may adjoin. 

[0054] As for the bottom shielding 21, it is desirable to use NiFe, CoZr 
or CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, 
CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi alloy, FeAlSi, a nitriding iron 

system ingredient, a MnZn ferrite, a NiZn ferrite, a MgZn ferrite, etc. 
[0055] Moreover, as for electrode 22a, it is desirable to use Au, and, 
as for magnetic pole 23a, it is desirable to use NiFe, CoZr or CoFeB, 
CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, 
CoTaZrNb, a CoZrMoNi alloy, FeAlSi, a nitriding iron system ingredient, 
a MnZn ferrite, a NiZn ferrite, and a MgZn ferrite. 
[0056] And the magneto-resistive effect component 4 is formed so that 
the top face of electrode 22a and magnetic pole 23a may be straddled to 
both sides. 

[0057] Electrode 22b and magnetic pole 23b are prepared in the top face 
of the magneto-resistive effect component 4. These electrode 22b and 
magnetic pole 23b are prepared so that both the top faces of the 
magneto-resistive effect component 4 may be touched, as shown in drawing 
9 • 

[0058] Furthermore, the top shielding 24 is formed in the top face of 
electrode 22b and magnetic pole 23b. As for shielding 24, besides, it is 
desirable to use NiFe, CoZr or CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, 
CoTa, CoTaHf, CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi alloy, FeAlSi, 
a nitriding iron system ingredient, a MnZn ferrite, a NiZn ferrite, and 
a MgZn ferrite. 

[0059] Moreover, the vertical bias layer for magneto-resistive effect 
component magnetic-domain control is prepared in the edge of the 
magneto-resistive effect component 4 in a direction vertical to the 
space of drawing 9 . This vertical bias layer for magneto-resistive 
effect component magnetic-domain control is prepared so that the 
magneto-resistive effect component 4 may be touched [ whether it laps in 
part and ]. Drawing 4 and its sectional view are shown for the top view 
in the case of lapping in part in drawing 6 , respectively. Moreover, 
the drawing 6 ********** of drawing 5 and its sectional view is carried 
out for the top view in the case of touching. 

[0060] As for the vertical bias layer for magneto-resistive effect 
component magnetic-domain control, it is desirable to use CoCrPt, CoCr, 
CoPt, CoCrTa, FeMn, NiMn, nickel oxide, a NiCo oxide, IrMn, PtPdMn, and 
ReMn. 



[0061] [Gestalt 4 which is operation] The write-in head section by the 
inductive coil can be formed using the shielding mold component of these, 
a yoke mold component, and a flux guide mold component. The write-in 
head section by this inductive coil can be used as a record playback one 
apparatus head (it is also only called the record reproducing head). 
[0062] The conceptual diagram of the record reproducing head is shown in 
drawing 10 . The record reproducing head consists of the reproducing 
head which used the component of this invention, and a recording head of 
an inductive mold. Although the example shown in this drawing showed the 
example of loading with the recording head for longitudinal magnetic 
recording, it is also desirable to combine the magneto-resistive effect 
component of this invention with the head for vertical magnetic 
recordings, and to use it for vertical recording. 

[0063] Moreover, although drawing 10 explains a shielding mold component 
to an example, a yoke mold component and a flux guide mold component are 
also applicable. The following configurations are used for a head in 
drawing 10 . First, bottom shielding / bottom electrode 42 is formed on 
the substrate (not shown). The magneto-resistive effect component 45 is 
formed on bottom shielding / bottom electrode 42, and top shielding / 
top electrode 43 is formed in the top face. The reproducing head is 
formed with these magneto-resistive effect component 45, and the top 
shielding / top electrode 43. 

[0064] Moreover, the coil 41 is formed in the upper part of a magnetic 
pole (it serves as top shielding / top electrode in drawing 10 ) 43, and 
the top magnetic pole 44 is formed on it. The recording head is formed 
from these magnetic poles 43, the coil 41, and the top magnetic pole 44. 
[0065] In addition, even if it prepares the up shielding film and a 
lower magnetic film separately also as common structure, they are not 
cared about. 

[0066] By the head of such a configuration, a signal is written in on a 
record medium and a signal is read in a record medium. A part for the 
sensor of the reproducing head and the magnetic gap of a recording head 
are forming in the location piled up on the same slider in this way, and 
can do positioning for the same truck of a record medium simultaneously. 
This head is processed into a slider and it carries in a magnetic 
recorder and reproducing device. 

[0067] The conceptual diagram of a magnetic recorder and reproducing 
device which used the magneto-resistive effect component of this 
invention is shown in [gestalt 5 of operation] drawing 11 . Bottom 
shielding / bottom electrode 52, the magneto-resistive effect component 
51, and the top shielding / top electrode 50 are formed in order on the 



substrate (not shown) which serves as the head slider, and the head is 
constituted as shown in this drawing. 

[0068] And it reproduces by positioning this head on a record medium 53. 
A record medium 53 rotates, and a head slider counters in the state of 
height of 0. 2 micrometers or less, or contact, and motions a record- 
medium 53 top relatively. According to this device, the magneto- 
resistive effect component 51 is set as the location which can read in 
the reinforcement of that leakage field 54 the magnetic signal recorded 
on the record medium 53. 

[0069] It is desirable to use the thing of the following configurations 
as a magneto-resistive effect component concerning [gestalt 6 of 
operation] this invention. 

[0070] (1) A base / a substrate layer / free magnetic layer / 
nonmagnetic non-conductive layer / fixed magnetic layer / the layer / 
protective layer (2) base / substrate layer / the magnetic layer / 1st 
MR enhancing layer / nonmagnetic non-conductive layer / fixed magnetic 
layer / layer made to fix / free protective layer (3) base made to fix / 
a substrate layer / free magnetic layer / nonmagnetic non-conductive 
layer / the 2nd MR en The Hans layer / fixed magnetic layer / the 
layer/protective layer made to fix (4) ~ a base / substrate layer / 
free magnetic layer / the 1st MR enhancing ~ a layer / nonmagnetic non- 
conductive layer / 2nd MR enhancing layer / fixed magnetic layer / the 
layer/protective layer (5) made to fix a base / substrate layer / layer 
made to fix ~ a /fixed magnetic layer / nonmagnetic non-conductive 
layer / free magnetic layer / protective layer (6) a base / substrate 
layer / the layer / fixed magnetic layer made to fix / the 1st MR 
enhancing layer / nonmagnetic non-conductive layer / free magnetic layer 
/ protective layer (7) A nonmagnetic non-conductive layer / 2nd MR 
enhancing layer / free magnetic layer / [ a base / substrate layer / the 
layer / fixed magnetic layer made to fix / ] protective layer (8) a 
nonmagnetic non-conductive layer / 2nd MR enhancing layer / free 
magnetic layer / [ a base / substrate layer / the layer / fixed magnetic 
layer / 1st MR enhancing layer made to fix / ] protective layer ~ it is 
desirable to use for Zr or Zr the ingredient which added other elements 
as a metal-substrate layer here. As an alloying element, Ta, Hf, Zr, W, 
Cr, Ti, Mo, Pt, nickel, Ir, Cu, Ag, Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, 
V, etc. are suitable. 

[0071] As a free magnetic layer, it is desirable to use NiFe, CoFe, 
NiFeCo, FeCo, CoFeB, CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, 
CoNbHf, CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi alloy, or an amorphous 
magnetic material. 



[0072] As a non-magnetic layer, it is desirable to use the mixture of a 
metal, an oxide, a nitride, an oxide, and a nitride or a metal / oxide 
two-layer film, a metal / nitride two-layer film, and a metal / (mixture 
of an oxide and a nitride) two-layer film. 

[0073] This two-layer film Ti, V, Cr, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, Au, Or the simple substance or 
mixture of the oxide which consists of a group of Si, aluminum, Ti, and 
Ta, and a nitride, Or Ta, Hf, Zr, W, Cr, Ti, Mo, Pt, nickel, Ir, Cu, Ag, 
Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, Probably the two-layer film which 
combined with the simple substance of the above-mentioned oxide and a 
nitride or mixture the simple substance or alloy which consists of at 
least one element of the group of V and Y will be desirable, and it will 
become a strong candidate in the case of using actually. 
[0074] As a 1st and 2nd MR enhancing layer, CoFeB(s), such as Co, NiFeCo, 
and FeCo, or CoZrMo, CoZrNb, CoZr, CoZrTa, CoHf, CoTa, CoTaHf, CoNbHf, 
CoZrNb, CoHfPd, CoTaZrNb, a CoZrMoNi alloy, or an amorphous magnetic 
material is used. 

[0075] Moreover, although MR ratio falls a little compared with the case 
where it uses when not using MR enhancing layer, the routing counter 
which production takes only a part not to use decreases. 
[0076] It is desirable to use the simple substance which consists of a 
group who uses Co, nickel, and Fe as the base as a fixed magnetic layer, 
an alloy, or a cascade screen. 

[0077] As a layer made to fix, it is desirable to use nickel oxide / 
mixture [ of FeMn, NiMn, IrMn, RhMn, PtPdMn, ReMn, PtMn, PtCrMn, CrMn, 
CrAl, TbCo nickel oxide, Fe oxide, nickel oxide the mixture of Co oxide 
and nickel oxide and Fe oxide ] and Co oxide two-layer film, nickel 
oxide / Fe oxide two-layer film, CoCr, CoCrPt, CoCrTa, PtCo, etc. 
Especially the ingredient that added Ti, V, Cr, Co, Cu, Zn, Y, Zr, Nb, 
Mo, Tc, Ru, Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, Au, Si, aluminum, Ti, 
and Ta to PtMn or PtMn will serve as a strong candidate at the time of 
manufacturing equipment actually. 

[0078] As a protective layer, it is desirable to use the mixture of a 
metal, an oxide, a nitride, an oxide, and a nitride or a metal / oxide 
two-layer film, a metal / nitride two-layer film, and a metal / (mixture 
of an oxide and a nitride) two-layer film. 

[0079] This two-layer film Ti, V, Cr, Co, Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Hf, Ta, W, Re, Os, Ir, Pt, Au, Or the simple substance or 
mixture of the oxide which consists of a group of Si, aluminum, Ti, and 
Ta, and a nitride, Or Ta, Hf, Zr, W, Cr, Ti, Mo, Pt, nickel, Ir, Cu, Ag, 
Co, Zn, Ru, Rh, Re, Au, Os, Pd, Nb, Probably the two-layer film which 



combined with the simple substance of the above-mentioned oxide and a 
nitride or mixture the simple substance or alloy which consists of at 
least one element of the group of V and Y will be desirable, and it will 
become a strong candidate at the time of constituting a device actually. 
[0080] The configuration of a magneto-resistive effect component is 
explained based on a actual numeric value below the example by the 
numeric value. 

[0081] [Example 1] glass substrate /Ta(3nm)/The result of having changed 
the class of free magnetic layer with a configuration called freedom 
magnetic layer (8nm) / aluminum oxide (2nm) / nickel82Fel8(3nra)/Pt46Mn54 
(25nm) / Ta (3nm), and having created the magneto-resistive effect 
component is shown. 

[0082] The membrane formation current set 0. lA and membrane formation 
gas pressure to 2mraTorr(s) at creation using DC magnetron sputtering 
equipment, formation of aluminum oxide is pure until it forms 2nm 
aluminum film first and back pressure turns into gas pressure of 4x10- 
4Torr in the vacuum chamber of 2xl0-9Torr after film formation ~ 02 
Natural oxidation of the aluminum was carried out by introducing and 
holding for 1 hour. After membrane formation, it heat-treated in the 
direct-current field of 5000e in 250 degrees C and 5 hours. The 
resistance rate of change in this case is shown in the following table 1. 
[0083] 

[A table 1] 

0" 



[0084] In this experimental result, although it is equivalent to the 
conventional example when free magnetic layers are Co and NiFe, the case 
of being other is equivalent to the example of application of this 
invention. The result [ case / any ] that MR ratio was higher than the 
conventional example was obtained. 

[0085] At the object for which a [example 2] MR ratio investigates a 
high reason, it is glass substrate/Ta(3nm)/. Film called a free magnetic 
layer (8nm) was created, and surface roughness was observed by AFM. 
Membranous average-of-roughness-height Ra shows surface roughness (table 
2 reference mentioned later). Moreover, film called a glass substrate / 
Ta (3nm) / free magnetic layer (8nm) / aluminum oxide (2nra) was also 
created, and the interface roughness of a free magnetic layer and 
aluminum oxide was observed with the X-ray reflection factor measuring 
device. X-ray reflection factor measurement analyzes the X-ray profile 
after whenever [ total reflection critical angle ] generated when a 
super-low include angle is made to input into a sample front face. These 
analyses enable it to acquire information, such as thickness, interface 
roughness, and a consistency. By carrying out simulation fitting of the 
obtained X-ray profile information, it is the approach that material 
constants, such as a real term of a reflection coefficient, an imaginary 
term, i.e., a consistency, and absorption, can be obtained. The 
measurement result of the surface roughness by AFM and the interface 
roughness by the X-ray is shown in a table 2. 
[0086] 
[A table 2] 




[0087] as compared with the case where Co and NiFe are used for a free 
magnetic layer, surface roughness and interface roughness boil CoFeB, 
CoZrNb, and CoZrMo markedly, and it turns out that it is a flat. It is 
known that it is a microcrystal and these ingredients are considered 
[ amorphous or ] that this has contributed to flat-ization of a front 
face and interface roughness. And since flat ** of the interface of a 



free magnetic layer and aluminum oxide layer contributes to the 
homogeneity of the thickness of aluminum oxide layer and the leakage 
current in aluminum oxide layer is reduced as a result, it is considered 
that whose MR ratio improves. It is known that it is a microcrystal, and 
with the above-mentioned table 2, although measurement was not carried 
out, it is thought [ that other ingredients shown in the above-mentioned 
table 1 are amorphous, or ] that the surface smoothness of the interface 
of a free magnetic layer and aluminum oxide layer has contributed to 
improvement in MR ratio similarly. 

[0088] The class of free magnetic layer was changed with a configuration 
called [an example 3], next glass substrate / Ta (3nm) / freedom 
magnetic layer (8nm) / Co90FelO(2nm) /aluminum oxide (2nm) / 
nickel82Fel8(3nm)/Pt46Mn54/(25nm)Ta (3nm), and the magneto-resistive 
effect component was created. 

[0089] The membrane formation current set 0. lA and membrane formation 
gas pressure to 2mmTorr(s) at creation using DC magnetron sputtering 
equipment, formation of aluminum oxide is pure until it forms 2nm 
aluminum film first and back pressure turns into gas pressure of 4x10- 
4Torr in the vacuum chamber of 2xlO-9Torr after film formation — 02 
Natural oxidation of the aluminum was carried out by introducing and 
holding for 1 hour. After membrane formation, it heat-treated in the 
direct-current field of 5000e in 250 degrees C and 5 hours. The 
resistance rate of change in this case is shown in the following table 3. 
[0090] 
[A table 3] 



[0091] In this experimental result, although it is equivalent to the 
conventional example when free magnetic layers are Co and NiFe, the case 
of being other is equivalent to the example of application of this 
invention. The result [ case / any ] that MR ratio was higher than the 

conventional example was obtained. 

The class of free magnetic layer was changed with a configuration called 
Co90Fe [ glass substrate/Ta(3nm)/Ft46Mn54 (25nm) / fixed magnetic layer 
(5nm) / ]10/aluminum oxide (2nm) / [example 4], next CoQOFelO (2nm) / 
free magnetic layer (3nm) / Ta (3nm), and the magneto-resistive effect 
component was created. 

[0092] The membrane formation current set 0. lA and membrane formation 
gas pressure to 2mmTorr(s) at creation using DC magnetron sputtering 
equipment, formation of aluminum oxide is pure until it forms 2nm 
aluminum film first and back pressure turns into gas pressure of 4x10- 
4Torr in the vacuum chamber of 2xlO-9Torr after film formation ~ 02 
Natural oxidation of the aluminum was carried out by introducing and 
holding for 1 hour. After membrane formation, it heat-treated in the 
direct-current field of 5000e in 250 degrees C and 5 hours. The 
resistance rate of change in this case is shown in the following table 4. 
[0093] 
[A table 4] 



[0094] In this experimental result, the case where free magnetic layers 
are Co and NiFe is equivalent to the conventional example, and the case 
of being other is equivalent to the example of application of this 
invention. The result [ case / any ] that MR ratio was higher than the 
conventional example was obtained. 

The class of free magnetic layer was changed with a configuration called 
[an example 5], next glass substrate/Ta (3nm) /Pt46Mn54 (25nm) / fixed 
magnetic layer (5nm) / aluminum oxide (2nm) / Co90FelO(2nm)/nickel82Fel8 
(3nm) / Ta (3nm), and the magneto-resistive effect component was created. 
[0095] The membrane formation current set 0. lA and membrane formation 
gas pressure to 2mmTorr(s) at creation using DC magnetron sputtering 
equipment, formation of aluminum oxide is pure until it forms 2nm 
aluminum film first and back pressure turns into gas pressure of 4x10- 
4Torr in the vacuum chamber of 2xlO-9Torr after film formation ~ 02 
Natural oxidation of the aluminum was carried out by introducing and 
holding for 1 hour. After membrane formation, it heat-treated in the 
direct-current field of 5000e in 250 degrees C and 5 hours. The 
resistance rate of change in this case is shown in the following table 5. 
[0096] 
[A table 5] 



[0097] In this experimental result, the case where free magnetic layers 
are Co and NiFe is equivalent to the conventional example, and the case 
of being other is equivalent to the example of application of this 
invention. The result [ case / any ] that MR ratio was higher than the 

conventional example was obtained. 

The class of free magnetic layer was changed with a configuration called 
Co90Fe [ glass substrate/Ta (3nm) /Pt46Mn54 (25nm) / fixed magnetic layer 
(5nm) / ]10 (2) /aluminum oxide (2nm) / [example 6], next Co90FelO (2nm) 
/ free magnetic layer (3nm) / Ta (3nm), and the magneto-resistive effect 
component was created. 

[0098] The membrane formation current set 0. lA and membrane formation 
gas pressure to 2mmTorr(s) at creation using DC magnetron sputtering 
equipment, formation of aluminum oxide is pure until it forms 2nm 
aluminum film first and back pressure turns into gas pressure of 4x10- 
4Torr in the vacuum chamber of 2xl0-9Torr after film formation — 02 
Natural oxidation of the aluminum was carried out by introducing and 
holding for 1 hour. After membrane formation, it heat-treated in the 
direct-current field of 5000e in 250 degrees C and 5 hours. The 
resistance rate of change in this case is shown in the following table 6. 
[0099] 
[A table 6] 



[0100] In this experimental result, the case where a free magnetic layer 
and a fixed magnetic layer are Co(es) is equivalent to the conventional 
example, and the case of being other is equivalent to the example of 
application of this invention. The result [ case / any ] that MR ratio 
was higher than the conventional example was obtained. 
[0101] The magneto-resistive effect component of this invention was 
applied to the shielding mold component of the type shown in [gestalt 7 
of operation] drawing 1 . At this time, NiFe was used as a bottom 
shielding layer. As magneto-resistive effect film, 
/Ta (3nm) /Pt46Mn54 (25nm) /Co92Zr6Nb2 (5nm) /Co90FelO (2nra) /aluminum oxide 
(2nm) / Co90Fel0(2nm)/Co92Zr6Nb2/Ta (3nm) was used. It carried out 
impressing the field of 5000e(s) in the direction which intersects 
perpendicularly 250 degrees C and heat treatment of 5 hours with the 
field at the time of membrane formation after film formation. The 
magneto-resistive effect film processed the magnitude of 1x1 micrometer 
according to the photoresist process, and was used as the magneto- 
resistive effect component. The laminating of the CoCrPt was carried out 
so that the patternized membrane end section might be touched. NiFe was 
used as a top shielding layer. This head was processed and slider 
processed at a record playback one apparatus head like drawing 10 , and 
record playback of the data was carried out on the CoCrTa system medium. 
Under the present circumstances, in the write-in width of recording 
track, 1. 5 micrometers and a write-in gap set 0. 2 micrometers and the 
reading width of recording track to 1.0 micrometers. The photoresist 
hardening process of the coil section creation time of the write-in head 
section was made into 250 degrees C and 2 hours. Since the magnetization 
direction of the fixed bed which must turn to the component height 



direction, and the layer made to fix rotated and it stopped having 
operated as a magneto-resistive effect component originally according to 
this process, magnetization heat treatment of 1 hour was performed among 
200 degrees C and a 5000e field after the reproducing-head section and 
recording head section creation termination. The revolution to the 
magnetization direction of the easy axis of the free magnetic layer by 
this magnetization heat treatment was hardly observed from a 
magnetization curve. Coercive force of a medium was set to 2. 5kOe(s). 
Record mark length was changed and the playback output was measured. The 
mark length (frequency) in whom 2. 4mV reduces by half the record 
playback output at this time, and 29dB and a playback output reduce S/N 
by half was 239kFCI(s), and the bit error rate was ten to six or less. 
Moreover, the symmetric property of a playback wave was also good. 
[0102] The magneto-resistive effect component of this invention was 
applied to the magneto-resistive effect component in the yoke mold 
component of the type shown in [gestalt 8 of operation] drawing 8 . At 
this time, the film which made it aluminum oxide and the electrode at Au, 
made the laminating of Ta (3nm) and the NiFe (lOnm) to the magnetic pole 
by turns at the MnZn ferrite and the nonmagnetic insulator at Oxidation 
Si, the bottom non-magnetic layer, and the top non-magnetic layer, and 
set total thickness to 200nm was used for the base. As magneto-resistive 
effect film, 

/Ta (3nm) /Pt46Mn54 (25nm) /Co82Zr9Mo9 (5nm) /Co90FelO (2nm) /aluminum oxide 
(2nm) / Co90Fel0(2nm)/Co82Zr9Mo9 (3nm) / Ta (3nm) was used. It carried 
out impressing the field of 5000e(s) in the direction which intersects 
perpendicularly 250 degrees C and heat treatment of 5 hours with the 
field at the time of membrane formation after film formation. The 
magneto-resistive effect film processed the magnitude of 1x1 micrometer 
according to the photoresist process, and was used as the magneto- 
resistive effect component. The laminating of the CoCrPt was carried out 
so that the patternized membrane end section might be touched. This head 
was processed and slider processed at a record playback one apparatus 
head like drawing 10 , and record playback of the data was carried out 
on the CoCrTa system medium. Under the present circumstances, in the 
write-in width of recording track, 1. 5 micrometers and a write-in gap 
set 0. 2 micrometers and the reading width of recording track to 1. 0 
micrometers. The photoresist hardening process of the coil section 
creation time of the write-in head section was made into 250 degrees C 
and 2 hours. Since the magnetization direction of the fixed bed which 
must turn to the component height direction, and the layer made to fix 
rotated and it stopped having operated as a magneto-resistive effect 



component originally according to this process, magnetization heat 
treatment of 1 hour was performed among 200 degrees C and a 5000e field 
after the reproducing-head section and recording head section creation 
termination. The revolution to the magnetization direction of the easy 
axis of the free magnetic layer by this magnetization heat treatment was 
hardly observed from a magnetization curve. Coercive force of a medium 
was set to 2. 5k0e (s) . Record mark length was changed and the playback 
output was measured. The mark length (frequency) in whom 3. ImV reduces 
by half the record playback output at this time, and 34dB and a playback 
output reduce S/N by half was 277kFCI(s), and the bit error rate was ten 
to six or less. Moreover, the symmetric property of a playback wave was 
also good. 

[0103] The magneto-resistive effect component of this invention was 
applied to the flux guide mold component of the type shown in [gestalt 9 
of operation] drawing 9 . At this time, the film which made it the 
electrode at Au, made the laminating of Ta (3nm) and the NiFe (lOnm) for 
NiFe to the magnetic pole by turns, and set total thickness to 200nra was 
used for bottom shielding and top shielding. It was referred to as 
/Ta(3nm)/Pt46Mn54(25nm)/Co84Fe9B7(5nm)/Co90Fel0(2) / aluminum oxide 
(2nm) / Co90Fel0(2nm)/Co84Fe9B7 (3nm) / Ta (3nm) as magneto-resistive 
effect film. It carried out impressing the field of 5000e(s) in the 
direction which intersects perpendicularly 250 degrees C and heat 
treatment of 5 hours with the field at the time of membrane formation 
after film formation. The magneto-resistive effect film processed the 
magnitude of 1x1 micrometer according to the photoresist process, and 
was used as the magneto-resistive effect component. The laminating of 
the CoCrPt was carried out so that the patternized membrane end section 
might be touched. This head was processed and slider processed at a 
record playback one apparatus head like drawing 10 , and record playback 
of the data was carried out on the CoCrTa system medium. Under the 
present circumstances, in the write-in width of recording track, 1. 5 
micrometers and a write-in gap set 0. 2 micrometers and the reading width 
of recording track to 1. 0 micrometers. The photoresist hardening process 
of the coil section creation time of the write-in head section was made 
into 250 degrees C and 2 hours. Since the magnetization direction of the 
fixed bed which must turn to the component height direction, and the 
layer made to fix rotated and it stopped having operated correctly as a 
magneto-resistive effect component originally according to this process, 
magnetization heat treatment of 1 hour was performed among 200 degrees C 
and a 500Ge field after the reproducing-head section and recording head 
section creation termination. The revolution to the magnetization 



direction of the easy axis of the free magnetic layer by this 
magnetization heat treatment was hardly observed from a magnetization 
curve. Coercive force of a medium was set to 2. 5kOe(s). Record mark 
length was changed and the playback output was measured. The mark length 
(frequency) in whom 1. 9mV reduces by half the record playback output at 
this time, and 28dB and a playback output reduce S/N by half was 
287kFCI(s), and the bit error rate was ten to six or less. Moreover, the 
symmetric property of a playback wave was also good. 

[0104] The [gestalt 10 of operation], next the magnetic disk drive made 
as an experiment with the application of this invention are explained. A 
magnetic disk drive is equipped with the magnetic disk of three sheets 
on the base, and the head actuation circuit and the digital disposal 
circuit, and the input/output interface are held in the base rear face. 
It connects with the exterior by the 32-bit bus line. The head is 
prepared in both sides of a magnetic disk for every magnetic disk, and a 
total of six heads are arranged with the magnetic disk of three sheets. 
The rotary actuator and actuation for driving a head, the control 
circuit, and the spindle direct connection motor for a disk revolution 
are carried. The diameter of a disk is 46mm and a data surface uses from 
the diameter of 10mm to 40mm. Since it does not have a servo surface 
using an embedding servo system, densif ication is possible. As for this 
equipment, direct continuation is possible as external storage of a 
small computer. Cache memory is carried in an input/output interface and 
it corresponds to the bus line whose transfer rate is per second 5 to 20 
megabytes of range. Moreover, it is also possible by placing an external 
controller and connecting these two or more equipments to constitute a 
mass magnetic disk drive. 
[0105] 

[Effect of the Invention] As explained above, resistance rate of change 
became possible [ obtaining the high magneto-resistive effect film ] 

from the conventional magneto-resistive effect film by application of 
this invention. 

[0106] Furthermore, the record playback output and S/N became possible 
[ obtaining a high magneto-resistive effect sensor and a high system ] 
by using this film. 
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[Brief Description of the Drawings] 

[Drawing 1] It is a block diagram showing the typical configuration of a 
shielding mold sensor. 

[Drawing 2] It is a conceptual diagram showing arrangement of the 
vertical bias film. 

[Drawing 3] It is a conceptual diagram showing other arrangement of the 
vertical bias film. 

[Drawing 4] It is a top view showing the example in which the vertical 
bias layer is installed so that the edge of a magneto-resistive effect 
component may be touched. 

[Drawing 5] It is a top view showing the example in which the vertical 
bias layer is installed so that the edge of a magneto-resistive effect 
component may be touched in part. 

[Drawing 6] It is the sectional view which met the VI-VI line of drawing 
4 . 

[Drawing 7] It is the sectional view which met the VII-VII line of 
drawing 5 . 

[Drawing 8] It is a block diagram showing the typical configuration of a 
yoke mold magnetic-reluctance sensor, and is **. 

[Drawing 9] It is a block diagram showing the typical configuration of a 
flux guide mold magnetic-reluctance sensor. 

[Drawing 10] It is a conceptual diagram showing the main configurations 
of the record reproducing head. 

[Drawing 11] It is a conceptual diagram showing the main configurations 
of a magnetic recorder and reproducing device. 
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[0067] [|IS(S(0J15!ll 5 ] El 1 1 lC(i*|gB^CD5a^ 

^f«l6feTl^«S« (ISI/T^-B-r) ±lCs T->-;UhVT 

[0 0 6 8] *LT, CO'N'y KSv IBSSSftS 3±lE 
tt«aa&LTIi4«ffa. l3««ft5 3tt|H||EU 
KX5'r^ttg3Si«»5 3©±S, 0. 2AimJXT«)^ 

mizav. mmmim^s i siB^iifts sicia^ 

[0069] [IISIidDmftS 6 ] :$:%Ri(C#%SS^jgm^ 

l\ 

[0070] (1 ) s#/Tt4i/7 u -mitm/i¥m 

( 2 ) mw/Tm/y u -ssitJi/ii i m r i v/ \ v 
mm 

( 3 ) Sf*/Til!lH/7 >J -«ffii/?H8tt#mH/ 

ai 

(4) *ft/T±ft®/7y-?att/i/mi MRIV/W 

7.Ji/M5Stt#Na^ttl/m2 M Rx>/\v;^Ji/llSlS 

(5) Sft/TtftJi/S^^-arSl/ia^BStt®/?^ 

(6) S#/T«!Ji/@^**5Ji/@S5aitS/S 

(7) S#/Til!!Ji/@«*-a:«l/@^5attS/# 

mmmmm/fsi m rxv/\>xs/7 u-sKitJi/ 
«a® 

(8) S#/TtttS/llS*-y:«l/ll^5S1f®/m 
1 MRxy/^>xii/?N5S1^?f»lii/m2MRI>/^ 

&ST±ft/ii:LTttv Zr. tL<(iZrlcffi 

mtLXitJa. Hf. Z r. W. C r. T i. Mo. 
Pts N i. I r. Cu. Ag. Co. Zn. Ru. R 



hs Re, Au. OS. Pd. Nb. V^jb^jS^^ig 

[007 1] NiFe. CoF 

e. NiFeCo. FeCo. CoFeB, CoZrM 

0. CoZrNb. CoZr. CoZrTa. CoH 

f. CoTa. CoTaHf. CoNbHf. CoZr 
Nb. CoHfPd. CoTaZrNb. CoZrMo 

[0 0 7 2] ^m^BtLTit. mm. mit 
St. ^m/mmimm. (mmtmmto) 

2 MS. €ffll^5®^B«j^f*Ll^o 
[0 0 7 3] C©2«|IH4. Ti. V. C r. Co. C 
u. Zn. Y. Zr. Nb. Mo. Tc. Ru. Rh. 
Pd. Ag. Hf. Ta. W. Re. Os. I r. P 
t. Au. $yctt. Si. A I. Ti. TaO^/U-:/ 

liTa. Hf. Zr. W. Cr. Ti. Mo. Pt. N 

1. I r. Cu. Ag. Co. Zn. Ru. Rh. R 

e. Au. Os. Pd. Nb. V. YO^^;l/-70'>* 
< 1 ■Pa)7tig6^6&5. L < tt^&«±!3S 

[0074] miSt?S2MRX>/\VXHi:LTttC 
o. N I FeCo. FeCoH. SfettCoFeB. C 
oZrMo. CoZrNb. CoZr. CoZrTa. 
CoHf. CoTa. CoTaHf. CoNbHf. C 
oZrNb. CoHfPd. CoTaZrNb. CoZ 
r Mo N i ^&$fcW7t;U77XaStt**!S€:fflt^«o 

[0 0 7 5] S/c. MRXV/^VXS^ffll^Sl^Ji^ 

[0 0 7 6] mMm^mtLTlt. Co. Ni. Fe« 

[0 0 7 7] @^*-B:«JitLTt4. FeMn. NiM 
n. I rMn. RhMn. PtPdMn. ReMn. P 
tMn. PtCrMn. CrMn. CrAI. TbC 
o. Nii&fbiRg. Feigm N i|g^b!|j!!I^ColSfb!«b 

(OM'^m. N i mmt F emm<oM^. n i sitfb 
^/comitmmm. n i»<b!»i/FeBWb!«j2H 

H. CoCr. CoCrPt. CoCrTa. PtCo 

*^■«fflu^5^:^:AWSLL^ l^lt. PtMntL<li 

PtMntCTI. V. Cr. Co. Cu. Zn. Y. Z 
r. Nb. Mo. Tc. Ru. Rh. Pd. Ag. H 

f. Ta. W. Re. Os. Ir. Pt. Au. Si. 

A I . T i . T a^miMLmmtmmmm^m&r 
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[0 0 7 8] mmtLTii. mm. mm. 

[0 0 7 9] LLCOimma. Ti. V. Cr. Co^ C 
u. Zn. Y. Zr. Nb. Mo, Tc. Ru. Rh, 
Pdv Ag, Hf. Ta, Re. Os. I r. P 
t. Au. ^tdt. Sis A K T i. T a(0<flV-y 

\tla. H f. Zr. \N. Cr. T \ . Mo. Pt. N 
\. 1 r. Cu. Ag. Co, Zn, Ru. Rhs R 
e, Au. Os. Pd. Nb. \/. Y©y/U-rO'>* 

[0 0 8 0] »fil(tJ:^liai«iJ 

[008 1] [HaifflJI] «7XS«/Ta (3nm) 
/ iAHItl (8 nm) /A I Mim (2 nm) /N 

i82Fe18 (3nm)/Pt46Mn54 (2 5n 
m) /Ta (3nm) ^:l,^a«fi!^7•iS^H41<DaS« 

[0 0 8 2] f^figlCl*. DC^^?^hPVX/^7^JSa 
0 . 1 a. EgK^rZEti 2 mm T o 
r r t Lfco A I mmKOmm. liiri n mO A I H 
«JgfiBU ISfl5Bg«l!:WE*i«2x 1 0-9To r r©KS 
f-frV/^-rtlCfet^TAX 1 0-4TO r rCSTXElC* 

5*Tffi02 si»ALmpa«jt-rsc:i:icj:yA l« 
s^Kfkj-a-feo figffli^ic, 5 0 0 o e©iiaitsas*ii: 

^5L^T, 2 5 0°C. 5lieP5T'!8UiaS*SISL^Co 
<Dffifit^<b$*ii(TOSl iC/T^-To 

[008 3] 

[SI] 







Co 


14 


Ml n9T7Al A 
















Q Q 7 »• 7 

w 0 0 ^ r 1 


1 5 


Co9 2Zr4Ta4 


1 6 


Co96Hf4 


1 6 


Co9 5Ta5 


1 7 


Co9 STaSHf 2 


1 8 


C08 6Fe 1 OTi 4 


1 7 


Co9 lNb7Hf 7 


1 7 


Co95Hf 8Pd2 


1 6 


Co92TalZr lNb6 


1 7 


Co92Zr 6M0INI 1 


1 7 



[0 0 8 4] cmm^mittsi-^T. ^mmt^co 
[0 0 8 5] mmmi] MRmMimmm^^^ 

6f}X\ «7XB«/Ta (3nm) / SSiSttl (8 
nm) tl^om^W&L. gH(077t^X«AFMtcJ: 

{'mt^m2^m) o «7ZS«/Ta (3n 
m) /gaSSttH (8nm) /AISMblftl (2nm) t. 
L^■5ffiit.f^B8U SftSaitlBtA IBMb!|Sii©llii77* 

:5„ AFMlCj:«gffi77^^XStfX*glCJ:5ffS57 
2 Icg^-To 

[0086] 
[£2] 
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$tWRS (nm) 


j^BftiS! (nm) 


Co 


1 


1. 2 


Nl 82Fe 1 8 


0. 8 


0. 9 


Co84Fe9B7 


0. 2 


0. 2 


Co8 2Zr 9Mo9 


0. 1 


0. 2 


Co92Zr 6Nb2 


0. 1 


0. 2 



[0 0 8 7] iaHtt/KCCo-^N i Fe*fflU^fc«^ 
timLT. CoFeB. CoZrNb. StfCoZr 

7V A l»{k!|&S©l8)5©J^-14lc»4U 1^ 
t/j^Sv MRJt!b^|Rl±-r«t.©i:%S*+i5o ±!B«1 

c t jb'^ja e tiTfc y > ±S3« 2 -^tt-i^i* Lisati^orcU 

[0 0 8 8] mmiS] «7XS«/T a (3 
nm) /iftSaittS (Bnm) /Co90Fe1 0 (2 
nm) /A\mm (2nm) /N i 82Fel 8 (3 
nm)/Pt46Mn54 (25nm)/Ta(3n 
m) i:l^3«fig7S*JKttH©ffl§l«$?lT58ftffifiBa 

[0 0 8 9] fNfi!4t!:ttDC-7^t<.hP>X/<'y^'SSiI« 
^^l-3Sli0. 1 A, fi)cll:a'XE«2mmTo r 

r i: Lfto A I mimmmt. $-r 2 n m©A I 

fBfigU ISmfi£^lcWE*^2X 1 0-9TO r r<DM^9 
+ V/^'-F*glCj}t^T4X 1 0-4To r r <^)«"7.ElC^?> 

^Kfb? -yrfco figJKSlc, 5 0 0 0 e OEa^mi^*tcJ> 
^,^T. 2 5 0°C. 5f^P57i«(aS^aiLfco 

ffiei^{b*«:*®«3lc:,T^-ro 

[0090] 
[83] 





MRlt (%) 


Co 


14 


Nl 82Fe 1 8 


1 3 


Co84Fe9B7 


24 


Co82Zr 9Mo9 


23 


Cog2Zr 6Nb2 


24 


Co98Zr7 


2 2 


Co92Zr 4Ta4 


2 1 


Co96Hf4 


2 1 


Co9 5Ta5 


2 0 


Co95Ta8Hf 2 


22 


Co86FelOT14 


23 


Co9 lNb7Hf 7 


2 3 


Co95Hf 8Pd2 


2 2 


Co92TalZr lNb6 


2 1 


Co92Zr 6M0 INl 1 


2 1 



[0091] ^:©S68^^B^R^E*iL^T, saKttifi^c o 

StfN i Fe05J»^tt!Je«®fiytCffiS-r5««s 

[|ISSfflJ4] «7XS«/Ta (3nm) /P t 

46Mn54 (25nm) /S^BJttl (5nm) /C 
o90Fe 1 0/A IKjbtl (2nm) /C o 9 0 F e 
1 0 (2nm) /SftfflStt® (3nm) /Ta (3n 

m) ^:l^3«fig7•g*^att®roa5S^^^Tes^}g^n?^i) 

[0092] ^miz{t DC^^f^-i-ayxj^y'Si gB« 
fflt\ fi£IS«-3itttO. 1 A. fiEiS«'XEli2mmTo r 
r t Lfco A I SKb!|«!l©JBfiEtis $-r 2 n mO A I IBIS 
JBfiKU ISJgfi!6«lcWE««2x 1 0-9TO r r©*29^ 
^v/^-F«g^^:^i^,^T4x 1 o-4to r ro^rxEtcfts 
$T*fi02 €»ALmtF^«j#r«zitJ:y A i «i 

^i8{b*-a:fco figffi^l::, 5 0 00e©il3i{58l?*lcfc 
t^T^ 2 5 0°C. SI^F^T'faSBS^fflSLfco COH^© 

ffis®ib$«^©«4ic5t-ro 

[0093] 
[S4] 
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IBlAClBXlx/IVISm 


MRJt (%) 


Co 


N182Fel8 


1 3 


Co84Fe9B7 


Co84Fe9B7 


23 


Co84Pe9B7 


Co8 2Zr 9Mo9 


22 


Co84Fe9B7 


Co92Zr6Nb2 


22 


Cos 2Zr 9Mo9 


Co84Fe9B7 


23 


Co82Zr gMo9 


Co 8 2 Z r 9Mo 9 


22 


Co82Zr 9Mo9 


Co9 2Zr6Nb2 


24 


Co92Zr 6Nb2 


Co84Fe9B7 


2 2 


Co9 2Zr 6Nb2 


Co82Zr9Mo9 


22 


Co92Zr 6Nb2 


Co92Zr6Nb2 


22 



[0 0 9 4] zomw^micssi'^z. umtrnt^co 
^««*3gwo5iifflff<ji::ffli-r5o ^^■r*l©«^t.^^^3l5«|J 

[^SfifiiJS] «"5XSS/Ta (3nm) /P t 
46Mn54 (2 5nm) /S^littS (5nm) /A 
IKfkll (2nm) /Co90Fe 1 0 (2nm) /N 
i 82Fe1 8 (3nm) /Ta (3nm) 

10 0 9 5] WmzitDC^^^^i-ny7.Jiy ■Si 

figaS^aSttO. 1 As mil«XEtt2mmTo r 

r t Lfeo A I mm<ommit. *-r 2 n mo a I 

m^U Jmm^K^E.^!^2x^ 0-9To r r©KS5^ 
■\'V/t-F«g^EfcL^T4X 1 0-4To r rOST^ElcSS 

«-piW02 «aiALmp5«jtr«cti::j:yA 1 *i 

^iHb?-B:fco fi8flS«tc, 5 0 00e©il3iB8l^+Kfe 
INT. 2 5 0°C. 5ieP5T'iSlSliS*«SL/-Co COJi^O 

[0096] 
[a 5] 





MRM: (%) 


Co 


1 5 


NI 82Fel8 


1 0 


Co84Fe9B7 


1 7 


Co82Zr gMo9 


18 


Co92Zr 6Nb2 


1 7 


Co9 8Zr 7 


1 6 


Co92Zr4Ta4 


1 7 


Co9 6Hf 4 


1 6 


Co 9 5Ta 5 


1 6 


Co9 5Ta3Hf 2 


1 7 


Co86Fe 1 OTi 4 


1 6 


Co9 lNb7Hf 7 


1 8 


Cog 5Hf 3Pd2 


1 7 


Co92TalZr lNb6 


17 


Co92Zr 6M0 INl 1 


1 7 



[0 0 9 7] C(7)*gl«gSlc3bVT. i*5Kttl««Co 

[||J8!<?J6] :^Clc. ;<J7:^S1S/Ta (3nm) /Pt 
4 6Mn5 4 (2 5nm) /mMM^M (5nm) /C 
o90Fe 1 0 (2) /A I SKkft (2nm) /C o 9 
OFel 0 (2nm) /i*58ffii (3nm) /Ta 

(3nm) ti^vm^v^mimomm^mxTm^ 

[0 0 9 8] f^BfilCttDC7^^*hPV^/<'y^Sil* 
mi\ m'^m^tO. 1 a. fi)6l8l/jr^Et42mmTo r 
r Lfto A I mimmmts «-r 2 n a l 
J^fiELs )SfKfi)6^lclfE««2x 1 0-9TO r r(DMS5^ 
-vy/^-F«gtC*il^T4x 1 0-4To r rW^'XEltSS 
^T-SifiOz ^^ALl iitF^«t$-r«C<!:ttJ:y A I 
^iHb#ltfto fiKIS^lc. 5 0 0 O e<DiI-»W*i::*> 
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t^T, 2 5o°c. 5i^iHTi»*aa«issL/-co c<om^<D 



[0099] 
[^6] 







MRJt (%) 


Co 


Nl 8 2Fe 1 8 


14 


Co84Fe9B7 


Co84Fe9B7 


24 


Co84Fe9B7 


Co 8 2 Z r 9Mo 9 


2 5 


Co84Fe9B7 


Co92Zr6Nb2 


24 


Co82Zr 9Mo9 


Co84Fe9B7 


2 3 


Co82Zr 9Mo9 


Co82Zr9Mo9 


24 


Co82Zr 9Mo9 


Co92Zr6Nb2 


2 3 


Co92Zr 6Nb2 


Co84Fe9B7 


2 5 


Co92Zr 6Nb2 


Co82Zr9Mo9 


24 


Co92Zr 6Nb2 


Co92Zr6Nb2 


24 



[010 0] ^:<Dlllgsie^^cfcl^T^ i*SKttlS0=il 
[0101] 7 ] El 1 Lft^ 

m&msmtLTit. /la Onm) / Pt46 
Mn54 (25nm) /Co92Zr6Nb2 (5n 
m) /Co90Fe 1 0 (2nm) /A I Kfbfti (2n 
m) /Co90Fe 1 0 (2 nm) /C o 9 2 Z r 6 N 
b 2/T a Onm) ^fflLN/fco IS?gfi8«tctt2 5 0 

5 0 0 0 e(om^^m\iL^':>n^rco mn.m,tfm^m 

hUv''/^ hXiglcJ:y 1 X i MmO:*:^*lcJ)Pl 

IcSf-r^ J: a C o C r P t L/to ±->-;l/ KS 
tLTttN i Fe^ffll^/c„ ZCO^-y OOJ:^ 

o C r T a3SJ«#±tCx— S^SiB^S^ L/c, CO)^. 

0. 2/im. SI*a3^h7y^'i|Btt1. OjumiLfco 

^biett2 5 0t. imstLtco c©xsi£j:y, * 
3l5^*«?!S^3^lRl«lRlL^Tt^fi:^tn(^*6ftL^@^ss 

•y Kg|5f^fi!6$l7m^C^ 2 0 0°C. 5 0 0Oeiai?*> 1 



RFC U If'V hX5-U-Hi1 0-6jJ(Tr«ofco 

[0 10 2] [nsfirofgjus] msiCTTsLtc^^yoia 
m^mm^^mmLrco ^wt^. swaiMnzn7 

a (3nm) i:N i Fe (1 Onm) i*5SK«HU 
T h-^'/K3DW**2 0 0 n mtc LfcSS^ffll^fco J8« 
fiSBaaiSiLTtts /Ta (3nm) /Pt4 6Mn 
54 (25nm) /Co82Zr9Mo9 (5nm) / 
Co90Fe1 0 (2nm) /A\mmi (2nm) / 
Co90Fe10 (2nm)/Co82Zr9Mo9 
Onm) /Ta Onm) mi^tco mmmiclt2 

SOX. 5m<Dmm^mm<Dmnt\m^t^:t 
isic 5 0 0 o e om^^wm LQ-pffofco asMffifitJSj) 

y F^mi 0©J:-5&iB^S£-#S'^-y KtcJPIStf 
X^'T^fllPXU C o C r T aJmii±iZT—it^Bm 

»*a3;*=P+ v :rtt 0 . 2 m. h 5 •> ^igtt 

1 . 0 Mmt L/fco KSPwa-rybSPf^fieiiS 

©7 * h hSibiat* 2 5 0 °C, 2 BtPai: Ltc 

if^6*i^@SMSU=il^?it5McDBS{b:)^iRi!b^[H]$5 
KgPSti-'iBSi^'y KSPf^figiislT^tc, 2 0 0°C. 

5oooe5Si^i*s 1 ll$F^©s^Kf^^as^^T•:^fco c© 

«5SfgiSaSlcd:Sg4lSttlO?Sfbi!gllliO«?S^lR]'\ 
©la^tt, WbffiSl3b^6fid:A,<!iS;l?nS6^-pfc„ Ji 
fl:©«5B[:^« 2 . 5 k O e t Lfto IBg^-J'mSiE^ 

T«4aj:^D«jM^Lfto 2:©i^©fBSSSaj:^3tt3. 1 
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(mmso tt2 7 7 k F c u t-y hx^-u- n* i 

[0 10 3] mm(omm9] m\zmLtc^-(y<j>-7 

Fe:&, BfillCliAu. mm,t\tla (3nm) i:N i 
Fe (lOnm) <!:«35i:ic«® LT h— 5f;KDIi*^& 
2 0 0 n mlc Lft{g*ffll^fto IK^JiSiS&SJii: LT 
li. /Ta (3nm) /Pt46Mn54 (25nm) 
/Co84Fe9B7 (5nm) /Co90Fe10 
(2) /A I K{b!|* (2 nm) /C o 9 0 F e 1 0 (2 
nm) /Co84Fe9B7 (3nm) /Ta (3n 

m) tLtc. m,m.\t.\t2 5o°c. sm^oimm^ 
^mimtiims.t^i5mz 5 o o o e (om^^ 

1 X 1 pm©;»c**(tllPlLT8SfC«*n»*l!l?^ 
t. Lfco /x-^-V-fb^^ifclSffiglSlcSt-SJcolcC o C 
r P t^aSL^Co iKD^-y K^Ell 0<0<t-5&iBgS 
^-m.^"J KlcllPISti-";^5f ^JiniL. C o C r T 

h5'y^7itStt1. 5^m. S*ji3^=P> •y:^«0. 2p 

/\'y Ka5OIl-l';l/ffif^^B^C07* h hilfklSli 
2 5 0°C. 2litMi:Lfco c:oieicJ:y. 

■&5Ja©Wb*[Rl)««IslSL, SSMfifiBftSSt^tLTIE 
L<l(lf^L35:<Son:©Tv S^'Sy KgUSUIBSi^'y 
KSPf^fimy^tC, 2 0 0^s 5 0 00e^i8ljl*^ lie 

\^iih.EmmiEicirit'^^tco uw<Dumnt2. sko 

COBfCi|BSiSSai:^f*1. 9mV, S/N«2 8d 

B. n^^tit'^^m-^^-'?^ {mmo «28 7 k 

F C k hx5-U- htt 1 0-6j.XTT-«-:jft:„ $ 

[0 10 4] mm<owM^ o] ;^(jic, *56B^s®fflL 

HEiftSlfSiJISPIilSS^ x'f7.'?lHlKfflXlf>K/HSSet- 
5'6'«J§iJ*nrt^5„ x-fX^a)it@tt4 6mm7-S 
T^-^^IittilSI 0mm/)^64 0mm$T'«fiEffl-r 



5. a«)a*t»-<K*5a:*fflt\ -it-^is^^t^t^/c 

©^a51B1«««i:UTia««ll66^Rrtiglc«:-3T«. Affi 
^'rv^-7i'rx(::W, +A"y->i/^'J«Ji«U 
Sii3S)g)f)'««® 5 2 0 p<aV^-f h©S5HT^»«/U 

[0 10 5] 

[010 6] ?6tt> COffii«ffll>SCtlcJ:oT^ IB 
[BliiOflSm«:K^] 

[02] *i/U7XlS©B3H*a-rffi^0-C^fe5o 
[03] fiS/^''r7'Xffi(Cfte<D13«««-rffil^l2IT«5o 
[1214] 82««tfix%^S?©4SSl5l::«-r5J:9t::*i^/<'r 
7X16^1S«^nTl,^5^flJ«S■r¥SI21T'S5o 
[05] fiSM}afiiX?i^^?©4SiSI5t!:-g|5j«-rsJ:9(c*iS 

[06] 04a)VI~VliSill::>a-3fcSlrM07-»5o 
[07] 05(OVII-VII«g(c^c>fcKriS07-$^o 

[08] a-^^saK«atfii-bvtt©«sws«fi!6«s-r 
[09] 77'y^;^#-i'Ksasai«fijs-tvtK^)«awe: 
[010] iBSss^y ^n^mumm^m-mmz' 

[011] )i8[1{[iB»S£illEO!}££«:«!fi]6«S-r«I:^0 

[??^©|}i0^] 

1 S«g 

2 T-^-ZU KJi ■ 

3 TIS 

4 BSMffiJJtamig? 

5 ±->-yi/K/i 

6 ±.im 

7 «8E/W7'Xffii 

8 Sfi^ 

9 ^Mimfinw 

10 T5>Riai14JI 

1 1 i.trnm 

1 2 Ifil 

1 3 mm 

20 Slg 

2 1 T->-;UK 
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2 2 IS 

23 mm 

2 4 ±->-/UK 

4 1 U'T/U 

4 2 T->->U K/Tl® 

4 3 ±S/-;l/ K/±®«l/JKffi 

44 ±«SS 



4 5 

46 ABS9 

5 0 ±->-;l/K/±ttffi 

5 1 mmt&mjmm=f- 

5 2 T->-;U K 

5 3 fsmmi^ 

5 4 ji«:fr6©jitllil!l 





[03] 

(1) ±v'-;l' K!<i<±WI«)aLh©±Ci^L*:li6 



(2) J:W«<±i'-A'KOtiLkK«iaty::«# 



(3) ±i'-*K**±«o±c¥i'»'/)l«>>LT««Lfc»A 



(4) -F«IStTi'-^l'Kt*siEfflLfc«d 



(4) ±nS&±i'-^K£««MLAaA# 

VZZZZZZZZm—^^\^n^ 



